INTRODUCTION
Otoliths, consist of calcium carbonate are crystallized structures located in the inner ear of fish, are an indirect means for studying fish populations and assessing the relationship between the environment and the organisms (Lord et al. 2012) . These structures exhibit linear and shape morphometries, optical densities, growth characteristics and different elemental compositions (Campana 2005; DeVries et al. 2002; Leguà et al. 2013; Lord et al. 2012; Pawson & Jennings 1996) . Sagittal otoliths are primarily used in studies involving otolith morphology. The life history properties of otoliths allow accurate estimates of age and growth on both the daily and yearly scale (Campana & Thorrold 2001) . Therefore, otoliths are an important tool to record the life history of fish.
Otoliths are used in various studies such as age determination, fish growth and population dynamics. However, studies are limited to otolith morphometry. Environmental differences and geographic separation of populations resulted in certain changes in fish otoliths (Lombarte 1992; Lombarte & Leonart 1993; Sadighzadeh et al. 2014; Torres et al. 2000; Vignon & Morat 2010) . As a result, the shape properties of otoliths are widely used in descriptions of fish stocks (Campana & Casselman 1993; Dawson 1991) .
Otolith analysis is an important marker in the studies of fish populations. The study of morphological characteristics of fish otoliths has been considered significant in recent years to stock identification (Begg & Brown 2000; Friedland & Reddin 1994; Reddin et al. 1988; Tuset et al. 2003a ) and systematics (Tuset et al. 2008; Williams & McEldowney 1990) .
There are several benefits in the relationship between the total length and otolith length of fish. The age and size of fish can be calculated from the otoliths obtained from the stomach of a predator (Treacy & Crawford 1981) . When the relationship between otolith length and total length in a species is determined, the total length or standard length of a fish from its otolith length can be estimated, or vice versa (Başusta et al. 2013; Battaglia et al. 2010; Sen et al. 2001; Yilmaz et al. 2014 ) and the otolith morphology is an additional characteristic among these species-specific criteria (Hossucu et al. 1999) . In many studies, otolith shape was evaluated based on morphometric measurements (Russ 1990; Tuset et al. 2006) .
Engraulis encrasicolus L. plays a major role in the fishing industry in Turkey. There are no published information on stock discrimination of E. encrasicolus using otolith analyses and dimensions. The aim of this study was to use otolith shape analysis to detect the relationships between the total length and otolith length of E. encrasicolus sampled from the Black and Marmara Seas.
MATERIALS AND METHODS
Engraulis encrasicolus specimens were obtained from commercial fishing boats at the Black and Marmara Seas (36º16'E-42º10'N and 28º11'E-40º29'N, respectively). The coordinates were recorded using GARMIN GPS. Sampling was carried out monthly between December 2013 and February 2014.
All captured fish were measured to the nearest 0.1 cm for total length (TL) and weighed to the nearest 0.01 g. Sagittal otoliths were removed by making right and left distinctions. The measurements for the Black Sea (137 individuals) and Marmara Sea (126 individuals) samples were taken separately. Left and right otoliths were weighed separately using Pressicia precision scales (0.0001 g). Otolith breadth (OB), length (OL), area (A) and perimeter (P) (±0.001 mm) were determined by Leica Application Suit Ver. 3.8 Imaging Software. All otoliths were photographed on the distal side with a Leica DFC295 digital camera. OL was defined as the greatest distance between anterior and posterior edges, and OB was defined as the greatest distance from dorsal to ventral edges (Figure 1) .
The sex was determined by macroscopic examination of the gonads. Firstly, comparisons between left and right otoliths were tested by t-test. Similarly, differences between sexes were also examined by t-test. Normal distribution of all variables was determined using the KolmogorovSmirnov test. The linear regression model (y = a + bx, where y is fish length and x is otolith measurement) was applied to estimate the relationships between the otolith measurements and fish length.
Four shape index values (form factor, circularity, roundness and rectangularity) taken on the otoliths were calculated with formulas (Table 1) . Form factor is a means to estimate the surface area irregularity, taking values of 1.0 when it is a perfect circle and <1.0 when it is irregular. Roundness and circularity give information on the similarity of various features to a perfect circle. Rectangularity describes the variations of length and width with respect to the area (Tuset et al. 2003b ). SPSS 20, Minitab 15.0 and the Excel software were employed in the statistical analyses.
RESULTS AND DISCUSSION
Anchovy is one of the most important fish species to support commercial fishing in Turkey, primarily in the FIGURE 1. Otolith morphology of Engraulis encrasicolus Black Sea. There are many studies on the anchovy (Caneco et al. 2004; Erdoğan et al. 2009; Gonzalez-Salas & Lenfant 2007; Tudela 1999; Turan et al. 2004; Zorica et al. 2010) . A few of these papers are on the morphometry of the anchovy species and its otolith properties. In recent years, stock discrimination has been achieved using otolith features. For this purpose, E. encrasicolus, caught from the Marmara and Black Seas, were studied and evaluated for the relationship between otolith features.
Engraulis encrasicolus (N = 263) sampled from two different stations were used for analysis. The total length of the Marmara and Black Sea samples ranged at 9.7-14.7 and 9.3-13.0 cm, respectively. Descriptive statistics of the Marmara and Black Sea samples are shown in Tables 2  and 3 . According to the results, there were no differences between right and left otoliths of E. encrasicolus (p>0.05). Therefore, for future studies either the right or left sagittal otolith can be used. Furthermore, no differences between males and females were detected (p>0.05). As a result, we used left otoliths for the subsequent analyses. In addition, the relationships between OW, OL, OB and fish size and otolith relationship between their measured values were determined separately (Figures 2-7) . While otolith length and weight were significantly different from each other (p<0.001) in the anchovy populations of the Black and Marmara Seas, there was no significant difference between otolith breadths. Evaluation was carried out jointly for the Marmara and Black Sea populations.
According to the regression coefficients between the relationship of fish length and otolith measurements, otolith length was found to be the best indicator for estimating the length of fish (r 2 >0.70). These results are similar to other studies in which some species belonging to Engraulidae were examined (Harvey et al. 2000; Zorica et al. 2010 ). Härkönen (1986) noticed that there was a strong correlation and linear relationship between fish length and otolith length. The linear regression model was preferred for the examination of the relationship between fish length and otolith characteristics in most of the studies (Basusta et al. 2013; Battaglia et al. 2010; Harvey et al. 2000; Waessle et al. 2003; Zorica et al. 2010 ), as such also in this study. According to this study, the otolith length was found as (Aydin et al. 2004; Basusta et al. 2013; Bostancı 2009; Harvey et al. 2000; Hossucu et al. 1999; Waessle et al. 2003) .
The minimum and maximum perimeters and areas, and shape index values of otoliths were calculated for (Table 4) . Samples of the Back and Marmara Seas were compared in terms of shape index values. The form factor, roundness and circularity values were found to be statistically significant, while the rectangularity did not show statistically significant difference between the localities (ANOVA, Table 5 ). While the otolith length increased, form factor, circularity and roundness values decreased generally. Study on shape index values for E. encrasicolus is quite limited (Zorica et al. 2010) . Therefore, comparisons could not be made on E. encrasicolus. Many studies investigated the shape index values (Bani et al. 2013; Burke et al. 2008; Sadighzadeh et al. 2014; Torres et al. 2000; Tuset et al. 2003b; Zorica et al. 2010) . The otolith shapes have been evaluated based on morphometric measurements (Short et al. 2006 ) and the mathematical computation of shape indices (Russ 1990; Tuset et al. 2006) .
CONCLUSION
This is the first study on otolith shape and dimensions of E. encrasicolus inhabiting Black and Marmara Seas. The otolith length was found to be the most ideal measurement for determining the fish length. Three shape index values (form factor, roundness and circularity) were found to be statistically significant between the localities. The results obtained from this study can be utilized for the separation of stocks in anchovy populations using otolith dimensions. We suggest studies on genetic traits and environmental factors to be considered for otoliths of E. encrasicolus in future. 
